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A	 series	 of	 imidazolinium-based	CCC	pro-ligands	 featuring	N-Mes,	Dipp,	 iPr	 and	 tBu	 substituents	 (1·2HCl)	











































an	 extensive	 range	 of	 polydentate	 variants.2	In	 particular,	 “pincer”	 architectures	 featuring	 terminal	 NHC	
donors	are	becoming	a	prominent	design	motif,	combining	the	strong	σ-donor	characteristics	of	NHCs	with	
the	 favorable	 thermal	 stability	 and	 reaction	 control	 possible	 with	 a	 mer-tridentate	 geometry. 3 , 4 	For	
instance,	first	row	transition	metal	adducts	of	bulky	CNC	ligands	(e.g.	A)	are	highly	active	catalysts	for	the	
hydrogenation	of	sterically	hindered	alkenes,	while	Ir(CCC)	complexes	of	the	type	B	have	been	shown	to	be	
effective	 catalysts	 for	 the	 thermally	 promoted	 acceptor-less	 dehydrogenation	 of	 alkanes	 (Chart	 1).5 ,6	
Increasingly	 NHC-based	 pincer	 complexes	 are	 also	 becoming	 recognised	 for	 their	 useful	 photophysical	






As	 we	 noted	 in	 our	 recent	 commentary,	 the	 emergence	 of	 terminal-NHC-based	 pincer	 compounds	 has	
largely	 involved	 systems	bearing	 imidazolylidene	donors,	while	 saturated	 imidazolinylidene	variants	have	
curiously	received	little	attention.4	Such	an	observation	is	rather	surprising	given	the	successful	application	
of	 mono-dentate	 imidazolinylidene	 ligands	 in	 catalysis;	 epitomised	 by	 their	 wide-spread	 use	 in	 olefin	
metathesis	reactions,	where	they	significantly	out	perform	their	unsaturated	counterparts.9	Indeed,	in	late	
2015	when	we	 compiled	our	 review	 the	only	 known	 imidazolinylidene-based	example	 to	 our	 knowledge	
was	zirconium	adduct	D.10	In	the	intervening	time,	Chirik	and	co-workers	have	prepared	iron-based	E	and	
demonstrated	its	ability	to	selectivity	catalyse	trituration	reactions	of	C(sp2)-H	bonds	with	high	efficiently,	
highlighting	 the	 potential	 versatility	 of	 such	 NHC-pincers. 11 	As	 part	 of	 our	 work	 developing	 the	
organometallic	 chemistry	 of	 NHC-based	 pincer	 ligands,	 which	 has	 involved	 investigation	 of	 macrocyclic	
variants,	 backbone	 geometry,	 atropisomerism	 and	 transmetallation	 methodology,12 	in	 this	 report	 we	
























































A	variety	of	procedures	have	been	 reported	 for	 the	preparation	of	 imidazolinylidene	 ligand	precursors.13	
Similar	to	that	employed	for	the	pro-ligand	associated	with	D,10	we	chose	a	synthetic	route	involving	amide	
coupling	 reactions	between	1,3-diaminobenzene	and	aminooxoacetic	 acids	2	 (R	=	Mes,	a;	Dipp,	b;	 iPr,	c;	
tBu,	d;	 Scheme	 1).	 In	 this	way,	 bis-amides	3	 were	 obtained	 in	 satisfactorily	 yields	 (52,	 48,	 57,	 and	 53%,	













Free	 carbenes	 1	 are	 readily	 generated	 by	 deprotonation	 of	 1·2HCl	 with	 strong	 bases.	 In	 particular,	 the	
formation	of	 these	 reactive	adducts	was	 followed	 in	 situ	by	NMR	spectroscopy	 for	 the	 reaction	between	
1·2HCl	 and	KHMDS	 in	C6D6	 at	 room	 temperature	 (Scheme	2).	 In	 each	 case	 the	C2v	 symmetry	 of	 the	pro-
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The	N-aryl	 and	N-iPr	 substituted	 pincer	 ligands	1a–c,	 generated	 in	 C6D6	 as	 described	 above,	 decompose	
slowly	 on	 standing	 in	 solution	 with	 approximate	 half	 lives	 of	 1,	 9	 and	 3	 h,	 respectively.	 No	 significant	
change	 was	 observed	 in	 the	 1H	 NMR	 spectrum	 of	 1d	 after	 24	 h,	 inferring	 significantly	 greater	 solution	
stability.	 	 Such	 differences	 in	 stability	 cannot	 be	 rationalised	 by	 steric	 arguments	 alone;	 electronics	 as	
marked	out	from	the	13C	NMR	data,	appear	to	play	a	significant	role	also,	i.e.	stability:	aryl	<	alkyl.			
	






of	 the	 high	 frequency	 NCHN	 resonances	 of	 the	 pro-ligand	 in	 the	 1H	 NMR	 spectra,	 appearance	 of	 high	
frequency	carbenic	 resonances	at	ca.	δ	200	 (CD2Cl2),	and	strong	 [M–Cl]+	 signals	 in	high	resolution	ESI-MS	
spectra.	The	central	aryl	proton	1H	and	associated	13C	signals	of	4a,	4c	and	4d	are	located	at	ca.	δ	8.3	and	
ca.	δ	111,	respectively.	A	closely	related	dinuclear	copper	chloride	adduct	of	unsaturated	NHC-based	pincer	
ligand	 2,6-(3-butyllimidazol-2-ylidene)benzene	 (F)	 has	 been	 reported	 and	 is	 characterised	 by	 a	 carbene	
resonance	at	δ	176.6	(CD2Cl2),	ca.	25	ppm	lower	than	those	of	isolated	4	–	a	difference	expected	based	on	


























Figure	 1:	 Solid-state	 structure	 of	 4a.	 Thermal	 ellipsoids	 drawn	 at	 the	 50%	 probability	 level;	 solvent	
molecules	 omitted	 for	 clarity.	 Selected	 bond	 lengths	 (Å)	 and	 angles	 (º):	 Cu1···Cu11,	 3.789(2);	 Cu1-Cl1,	
2.116(3),	 Cu1···Cl11,	 3.483(4);	 Cu1-C17,	 1.908(8);	 Cu11···Cl1,	 3.635(4);	 Cu11-Cl11,	 2.103(3);	 Cu11-C117,	
1.895(7);	 Cu2···Cu12,	 2.8715(16);	 Cu2-Cl2,	 2.274(3);	 Cu2-Cl12,	 2.331(3);	 Cu2-C22,	 1.891(8);	 Cu12-Cl2,	
2.339(3);	Cu12-Cl12,	2.270(3);	Cu12-C122,	1.903(8);	Cnt(C10)···Cnt(C110),	5.140(12);	C17-Cu1-Cl1,	168.7(3);	
C17-Cu1···Cl11,	 89.1(3);	 C117-Cu11···Cl1,	 90.8(3);	 C117-Cu11-Cl11,	 171.4(3);	 C22-Cu2-Cl2,	 136.6(3);	 C22-




depicted	 in	 Figure	 1,	 and	 illustrates	 the	 formation	 of	 a	 chloro-bridged	 assembly	 of	 two	molecules	 of	4a	
mediated	 through	 one	 of	 the	 coordinated	 CuCl	 units.	 The	 bridging	 interaction	 is	 evidenced	 by	 Cu-Cl	
distances	of	2.274(3)/2.270(3)	Å	and	2.331(3)/2.339(3)	Å,	with	the	 longer	distances	associated	with	more	
acute	 CNCN-Cu-Cl	 bond	 angles	 (ca.	 126	 vs	 137º),	 and	 adoption	 of	 a	 weak	 cuprophilic	 interaction	 of	








attention	 to	 the	 preparation	 of	 analogous	 iridium	 hydride	 complexes	 through	 metalation	 of	 1,	 viz.	
[Ir(1)HCl(NCMe)]	 5.6	Based	on	the	reported	procedures	for	B,	 iridium	complexes	of	the	N-aryl	substituted	
pro-ligands,	5a	 and	5b,	were	obtained	as	analytically	pure	materials	 from	reaction	between	 [Ir(COE)2Cl]2,	
1a/1b,	 and	 Et3N	 in	 acetonitrile	 at	 elevated	 temperature,	 but	 in	 low	 isolated	 yields	 of	 13	 and	 11%,	












pincer	 is	affirmed	by	13C	signals	at	ca.	δ	200	and	ca.	δ	140	 for	 the	carbene	and	aryl	donors,	 respectively,	
while	 intact	coordination	of	acetonitrile	 is	evidenced	by	a	sharp	3H	signals	at	δ	1.24/1.10	 in	 the	 1H	NMR	
spectra	 and	 pair	 of	 sharp	 resonances	 at	 ca.	 δ	 115	 and	 ca.	 δ	 3	 in	 the	 13C{1H}	NMR	 spectra	 of	5a/5b.	 For	







Ir1-C22,	 2.055(8);	 C10-Ir1-Cl2,	 90.9(2);	 C10-Ir1-N3,	 177.1(3);	 C17-Ir1-C22,	 155.5(3);	5b:	 Ir1-Cl2,	 2.4971(8);	
Ir1-N3,	2.092(3);	 Ir1-C10,	1.959(3);	 Ir1-C17,	2.040(3);	 Ir1-C22,	2.048(3);	C10-Ir1-Cl2,	91.99(10);	C10-Ir1-N3,	
177.68(11);	C17-Ir1-C22,	156.08(14);	
	








1 2HCl Ir NCMe
Cl
H[Ir(COE)2Cl]2, Et3N
75oC (5a) or 80oC (5b)
MeCN
5a (R = Mes), 5b (R = Dipp)
	 7	
although	 in	both	cases	 the	hydride	 ligands	were	not	definitively	 located	 from	the	Fourier	difference	map	

















With	 a	 view	 to	 expanding	 the	 structural	 diversity	 of	 NHC-based	 pincer	 compounds,	 a	 series	 of	
imidazolinium-based	 CCC	 pro-ligands	 featuring	N-Mes,	 Dipp,	 iPr	 and	 tBu	 substituents	 (1·2HCl)	 have	 been	
prepared.	The	corresponding	free	carbenes	are	readily	generated	through	deprotonation	by	strong	bases	
and,	 in	 addition	 to	 being	 characterised	 in	 situ	 by	 1H	 and	 13C	 NMR	 spectroscopy,	 were	 trapped	 through	
reaction	 with	 CuCl.	 Iridium	 pincer	 compounds	 of	 the	N-Mes	 (5a)	 and	 Dipp	 (5b)	 substituted	 ligands,	 viz.		
[Ir(1)HCl(NCMe)],	 were	 obtained	 through	 reaction	 between	 the	 respective	 pro-ligand,	 [Ir(COE)2Cl]2,	 and	
Et3N	 in	 acetonitrile	 at	 ca.	 80oC.	 Under	 similar	 conditions	 the	N-iPr	 and	 tBu	 analogues	 were	 not	 formed.		
Although	 isolated	 in	 low	 yield	 (ca.	 10	 –	 13%),	 5a	 and	 5b	 were	 fully	 characterised	 in	 solution,	 by	 NMR	
spectroscopy	 and	 ESI-MS,	 and	 in	 the	 solid-state	 by	 X-ray	 diffraction.	 Under	 relatively	 forcing	 reaction	
















use.	 Anhydrous	 DMF,	 THF,	 MeCN,	 pentane	 (<0.005%	 H2O)	 were	 purchased	 from	 ACROS	 or	 Aldrich	 and	
freeze-pump-thaw	 degassed	 three	 times	 before	 being	 placed	 under	 argon.	 CD2Cl2	 was	 dried	 over	 CaH2,	
vacuum	 distilled,	 and	 freeze-pump-thaw	 degassed	 three	 times	 before	 being	 placed	 under	 argon.	
Cyclooctane,	mesitylene,	 tert-butylethylene,	 and	 C6D6	were	 dried	 over	 Na,	 vacuum	 distilled,	 and	 freeze-
pump-thaw	 degassed	 three	 times	 before	 being	 placed	 under	 argon.	 Triethylamine	 and	 N,N-
diisopropylethylamine	were	 dried	 over	 dried	 over	 3	 Å	molecular	 sieves	 and	 freeze-pump-thaw	degassed	
three	times	before	being	placed	under	argon.	Aminooxoacetic	acids	3	were	prepared	by	hydrolysis	of	the	
corresponding	 ethyl	 esters	 (NaOH	 in	 THF),	 which	 were	 in	 turn	 prepared	 by	 reaction	 between	 ethyl	
chlorooxoacetate,	triethylamine	and	the	respective	aniline/amine	(THF)	–	as	previously	described	for	3a.22	
[Ir(COE)2Cl]2	was	synthesised	using	a	 literature	protocol.23	All	other	solvents	and	reagents	are	commercial	








To	 a	 ice	 cold	 solution	 of	 1,3-diaminobenzene	 (ca.	 5	 mmol),	 aminooxoacetic	 acid	 2	 (2	 equivalents),	 1-
hydroxybenzotriazole	(2.1	equivalents),	and	N,N-diisopropylethylamine	(2	equivalents)	in	dry	DMF	(60	mL)	
was	 added	 1,3-dicyclohexylcarbodiimide	 (1	 M	 in	 CH2Cl2,	 2.3	 equivalents)	 under	 an	 atmosphere	 of	
dinitrogen.	 The	 reaction	 was	 stirred	 at	 0ºC	 for	 2	 h	 and	 then	 warmed	 to	 room	 temperature	 overnight.	
During	this	time	a	white	precipitate	formed	and	was	subsequently	separated	by	filtration.	The	filtrate	was	
concentrated	 to	 minimum	 volume	 yielding	 a	 yellow	 oily	 solid,	 which	 was	 washed	 with	 a	 mixture	 of	
ethanol/dichloromethane	95/5	to	afford	3	as	white	solids.			
	







3b:	 Prepared	using	 the	 general	 procedure.	 Yield:	 1.09	 g	 (48%).	 1H	 NMR	(CDCl3,	 400	MHz):	 δ	 9.43	 (s,	 2H,	
amide),	8.86	(s,	2H,	amide),	8.50	(t,	4JHH	=	2.0,	1H,	Ar{NCCHCN}),	7.39	–	7.43	(m,	3H,	Ar),	7.37	(t,	3JHH	=	7.7,	
2H,	Dipp),	 7.23	 (d,	 3JHH	 =	 7.7,	 4H,	Dipp),	 3.04	 (hept,	 3JHH	 =	 6.8,	 4H,	Dipp),	 1.22	 (d,	 3JHH	 =	 6.8,	 24H,	Dipp).	
13C{1H}	NMR	(CDCl3,	101	MHz):	δ	159.4	(amide),	157.8	(amide),	146.0	(Dipp),	137.3	(CN),	130.2	(Ar),	129.6	
(CN),	129.2	 (Dipp),	123.9	 (Dipp),	116.7	 (Ar),	111.2	 (Ar{NCCHCN}),	29.1	 (Dipp),	23.8	 (Dipp).	ESI-MS	(180oC,	
4.0	kV)	positive	ion:	593.3096	m/z	[M+Na]+	(calcd	593.3098).	
	




2H,	 iPr),	 1.16	 (d,	 3JHH	 =	 6.6,	 12H,	 iPr).	 Compound	 is	 poorly	 soluble	 in	 CDCl3	 or	 DMSO-d6,	 encumbering	
acquisition	of	13C	NMR	data.	ESI-MS	(180oC,	4.0	kV)	positive	ion:	357.1533	m/z	[M+Na]+	(calcd	357.1533).	
	
3d:	 Prepared	using	 the	 general	 procedure.	 Yield:	 1.35	 g	 (53%).	 1H	 NMR	(CDCl3,	 400	MHz):	 δ	 9.34	 (s,	 2H,	
amide),	8.15	(t,	4JHH	=	2.0,	1H,	Ar{NCCHCN}),	7.45	(s,	2H,	amide),	7.33	–	7.39	(m,	3H,	Ar),	1.44	(s,	18H,	tBu).	
13C{1H}	NMR	(CDCl3,	101	MHz):	δ	158.9	(s,	amide),	158.4	(s,	amide),	137.4	(CN),	130.0	(Ar),	116.3	(Ar),	111.0	



























CH2),	3.04	 (hept,	 3JHH	=	6.9,	4H,	Dipp),	1.27	 (d,	 3JHH	=	6.9,	12H,	Dipp),	1.22	 (d,	 3J	 =	6.8,	12H,	Dipp).13C{1H}	
NMR	(CD3CN,	 126	 MHz):	 δ	 158.3	 (NCHN),	 147.3	 (Dipp),	 138.6	 (Ar{CN}),	 132.5	 (Ar),	 132.3	 (Dipp),	 131.2	













































To	a	suspension	of	1·2HCl	 (ca.	0.3	mmol)	and	CuCl	 (3	equivalents)	 in	dry	THF	 (5	mL)	cooled	to	 -78ºC	was	
added	a	solution	of	KOtBu	(2.5	equivalents)	 in	THF	(2mL).	The	mixture	reaction	was	stirred	for	10	min	at	













3.77	 (m,	 4H,	 CH2),	 1.36	 (d,	 3JHH	 =	 6.8,	 12H,	 iPr).	 13C{1H}	 NMR	(CD2Cl2,	 126	 MHz):	 δ	 196.7	 (CuC),	 142.9	














CH2Cl2	 and	 the	 filtrate	 washed	 twice	 with	 water,	 dried	 over	 MgSO4,	 and	 then	 reduced	 to	 dryness.	 The	






(Mes),	 137.1	 (Mes{CN}),	 129.3	 (Mes),	 128.7	 (Mes),	 121.3	 (Ar),	 115.2	 (MeCN),	 102.0	 (Ar),	 52.9	 (CH2)	 44.9	








CH2Cl2	 and	 the	 filtrate	 washed	 twice	 with	 water,	 dried	 over	 MgSO4,	 and	 then	 reduced	 to	 dryness.	 The	
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